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(54) PURIFICATION OF IMPURE DIAMOND POWDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a purification process for impure diamond which can safely and 
efficiently remove the contaminants in diamond through the markedly simplified operation compared to the 
earliar process by using a specific solvent. 

SOLUTION: Crude diamond powder contaminated with at least one selected from metals, metal oxides, 
metal carbides, non-diamond carbon and hexagonal diamond is soaked in a molten salt containing an alkali 
metal oxide~S03-H20 system to convert the contaminants to substances soluble in the molten salt 
(soluble in water) or gaseous or vapor substances at an ambient temperature thereby separating and 
removing the contaminants from the diamond powder. This soaking treatment can select a high temperature 
condition of >350° C and the temperature limit is 800° C. The molten salt is constituted so that it may 
contains a mixture of at least one selected from an alkali metal sulfate, particularly potassium sulfate and 
sodium sulfate with concentrated sulfuric acid or a substance that can generate sulfuric acid under the 
environment in which the substance is used. 

* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1]As an impurity, metal, a metallic oxide, metallic carbide, and non-diamond carbon, Impure diamond 
powder in which at least one sort chosen from a hexagonal diamond is intermingled, By being immersed in 
fused salt containing an alkali metal oxide-S0 3 -H 2 0 system, and converting the above-mentioned impurity 
into this fused salt with a soluble (water solubility) substance or environmental temperature at a gas-like 
substance, A purification method of impure diamond powder separating and removing the above-mentioned 
impurity from diamond powder. 

[Claim 2]A purification method of the impure diamond powder according to claim 1 in which the 
above-mentioned alkali metal oxide contains K z O and/or Na 2 0. 

[Claim 3]A purification method of the impure diamond powder according to claim 1 by which the 
above-mentioned fused salt is heated by temperature of not less than 350 **. 

[Claim 4]A purification method of the impure diamond powder according to claim 1 by which the 
above-mentioned fused salt is heated by temperature of 800 ** or less. 

[Claim 5]A purification method of the impure diamond powder according to claim 1 which is the diamond 
which the above-mentioned diamond powder compounded by static pressure method or the shock 
compressing method. 

[Claim 6]A solvent which heats and fuses a mixture of sulfate of an alkaline metal and concentrated sulfuric 
acid, and contains an alkali metal oxide-S0 3 -H 2 0 system is prepared, By making this fused salt immerse 
impure diamond powder in which at least one sort chosen from metal, a metallic oxide, metallic carbide and 
non-diamond carbon, and a hexagonal diamond as an impurity is intermingled, A purification method of 
impure diamond powder separating and removing the above-mentioned impurity from diamond powder by 
converting the above-mentioned impurity into a gas-like substance with a soluble substance or 
environmental temperature at this fused salt. 

[Claim 7]A purification method of the impure diamond powder according to claim 6 whose above-mentioned 
alkaline metals are sodium and/or potassium. 

[Claim 8]A solvent which heats and fuses pyrosulfate or a persulfuric acid (PEROKISHI sulfuric acid) salt of 
an alkaline metal, and contains an alkali metal oxide-S0 3 -H 2 0 system is prepared, As an impurity, metal, a 
metallic oxide, metallic carbide, and non-diamond carbon, By immersing impure diamond powder in which at 
least one sort chosen from a hexagonal diamond is intermingled in this fused salt, and converting the 
above-mentioned impurity into this fused salt with a soluble substance or environmental temperature at a 
gas-like substance, A purification method of impure diamond powder separating and removing the 
above-mentioned impurity from diamond powder. 

[Claim 9]A purification method of the impure diamond powder according to claim 8 whose above-mentioned 
alkaline metals are sodium and/or potassium. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Application of the Invention]This invention relates to the easy and safe method for carrying out separation 
removal of the usually intermingled impurity to the diamond powder collected from the synthesizing process, 
or the collected natural diamond powder efficiently, and obtaining industrial use or the high grade diamond 
powder for an ornament. 
[0002] 

[Description of the Prior Art] Fragments, such as a metallic material for the refractories used as a reaction 
chamber material etc. and energizing heating and black lead, are usually mixed in the diamond powder just 
collected from the synthesizing process in many cases, and, on the other hand, various foreign matters are 
intermingled from natural diamond powder passing through a grinding process. Therefore, the separation 
removal of such inclusion is required and the chemical treatment by medicine is performed for this purpose. 
[0003]That is, metal and a metallic oxide are removed by heat-treatment in chloride, sulfuric acid, nitric acid, 
or these mixed acid as mentioned above among the various above-mentioned impurities intermingled in 
diamond powder. 

[0004]The method of on the other hand carrying out oxidative degradation using dangerous object medicine 
with powerful oxidation, such as aqua regia, dichromic acid, chromate acid mixture, perchloric acid, and its 
salt, about the graphite, amorphous carbon, and metallic carbide which are hard to remove by this method is 
common. 

[0005]Although these processes are carried out within the draft chamber by the above-mentioned gradual 
refining which immerses several kinds into the combination of a dangerous medicine, heat-treats, and 
repeats evaporation, hardening by drying, the dissolution, precipitate, and filtration, usually, For a worker s 
safety control to danger, and the poisonous gas and the waste fluid of the medicine used in each stage by 
which it is generated, and environmental protection, the protection equipment based on a scrupulous design 
is needed, and this takes suitable cost. 

[0006]Since operation was gradually performed as a problem of the process itself, the diamond escaped in 
down stream processing in many cases, and, as a result, there was no recovery rate of a diamond in the 
level which can not necessarily be satisfied. 
[0007] 

[Problem(s) to be Solved by the Invention]An object of this invention is to provide the art in which easy 
remarkable operation removes safely and efficiently impurities intermingled in diamond powder, such as 
metal, a metallic oxide, metallic carbide, and non-diamond carbon, compared with a conventional method, in 
consideration of the above-mentioned problem which accompanies the conventional method. 
[0008]this invention person by immersing mixture **** impure diamond powder into the fused salt which 
uses sulfate of an alkaline metal especially potassium, and sodium as the main ingredients, and processing 
the various above-mentioned impurities at the temperature of the range of 350 to 800 **, The knowledge of 
the ability to carry out the separation removal of these impurities easily is carried out, and it came to 
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complete this invention method. 
[0009] 

[Means for Solving the Problem]A purification method of impure diamond powder by this invention, As an 
impurity, metal, a metallic oxide, metallic carbide, and non-diamond carbon, Impure diamond powder in which 
at least one sort chosen from a hexagonal diamond is intermingled, The above-mentioned impurity is 
separated and removed from diamond powder by being immersed in fused salt containing an alkali metal 
oxide-S0 3 -H 2 0 system, and converting the above-mentioned impurity into this fused salt with a soluble 
(water solubility) substance or environmental temperature at a gas-like substance. 

[0010]this invention method uses intrinsically slow oxidation and a solvent action to an impurity of a sulfuric 
anhydride which exists in a solvent. For this reason, fused salt which contains an alkali metal 
oxide-S0 3 ~H 2 0 system in this invention is used as a solvent. Such a solvent has the operation to which 
oxidative degradation of graphite, amorphous carbon, and the metallic carbide is carried out at the same 
time it is easy handling and it dissolves metal and a metallic oxide at high temperature. 
[001 1]By using the above-mentioned specific solvent in dipping treatment of this invention, a not less than 
300 ** hot elevated temperature is substantially available compared with the conventional purification 
method by aqua regia, concentrated sulfuric acid, and perchloric acid which decompose and evaporate 
easily. By processing especially at temperature of not less than 350 **, time which refining takes can be 
shortened substantially. Under the present circumstances, in order to stop graphitization of the diamond 
itself to the minimum, upper limit temperature shall be 800 **. 

[001 2]A mixture of at least one sort and concentrated sulfuric acid in which the above-mentioned fused salt 
is chosen from sulfate especially potassium sulfate (K 2 S0 4 ), and sodium sulfate (Na 2 S0 4 ) of an alkaline metal, 
Or it constitutes so that a mixture of this sulfate and a substance which generates sulfuric acid under an 
operating environment may be contained. As an example of the latter substance, potassium bisulfate 
(KHS0 4 ), Potassium pyrosulfate (K 2 S 2 0 7 ), potassium persulfate (K 2 S 2 0 8 ), Sodium hydrogensulfate (NaHS0 4 ), 
sodium pyrosulfate (Na 2 S 2 0 7 ), and sodium persulfate (Na 2 S 2 O s ) can be mentioned. 

[001 3]in the above — a K 2 0-S0 3 -H 2 0 system, in constituting fused salt, K 2 S0 4 ingredient so that more than 
60 mol % and H 2 S0 4 ingredient may become less than 40 mol %, on the other hand — a Na 2 0-S0 3 -H 2 0 
system — in a substance, Operation of Na 2 S0 4 ingredient is attained at solvent temperature of not less 
than 300 **, without making gas of a superfluous sulfuric anhydride emit, if it prepares so that more than 65 
mol % and H 2 S0 4 ingredient may become less than 35 mol %. 

[0014]Since a sulfuric anhydride follows on being consumed in refining processes and the melting point of a 
solvent rises, the activity of a fused salt solvent can be made to maintain by dropping concentrated sulfuric 
acid and compensating this amount of consumption. 

[0015]In this invention, although it is a premise that a solvent substance is maintained at a molten state and 
operating temperature becomes more than the melting point of a solvent substance, it is preferred to make 
into a minimum of operating temperature about 350 ** at which impalpable powder, such as graphite and 
amorphous carbon, starts combustion in the air especially. Although the above-mentioned fused salt acts 
selectively to non-diamond carbon and does not act on a diamond substantially below about 600 **, let 
temperature up to about 800 ** which can permit graphite-izing and oxidation combustion of a diamond be 
operating temperature in this invention. 
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[0016] 

[Effect of the Invention]It is possible to perform simultaneously the dissolution with metal and a metallic 
oxide and oxidative degradation of graphite in this invention method, For this reason, since various kinds of 
diamond powder inclusion, such as metal, a metallic oxide, graphite, and amorphous carbon, can remove by 
single operation within the same container, it can simplify down stream processing in this point. Since a 
medicine dangerous with the conventional process which has explosivility was used compared with this, the 
process that the dissolution of metal and a metallic oxide and the oxidative degradation of graphite are 
separate had generally been required for risk aversion. 

[0017]Since operation can be performed in a closed space and it is not accompanied by discharge or 
discharge of a toxic material, peripheral environment is not polluted. That is, although generated by a small 
amount of sulfuric anhydrides during operation also in the method of (1) this invention, this is condensed in 
the low temperature region of the well-closed container upper part, is transmitted to a container wall, and 
returns to the fused salt of a container bottom. For this reason, the equipment for emission gas 
neutralization and ventilation is conventionally unnecessary. [ as / in a process ] 

(2) Cool and solidify a used solvent, and after recovery, melt it in warm water, and it separates and collects 
diamonds. Since a residue evaporates moisture thoroughly as it is, makes solid content the shape of a cake, 
and are collected and it reuses, it does not leave waste fluid. 

[0018]this invention method is based on knowledge that the solvent constituted from sulfate of the 
potassium or/and sodium which were adjusted that melting should be carried out in a 350-800 ** 
temperature requirement can remove easily the impurity intermingled in natural and a synthetic diamond. It 
**, and in this method, compared with a conventional method, the cost for refining is cheap, and it is still 
more effective in a worker's safety and preservation of peripheral environment. 

[0019]this invention method upgrading of the diamond crystal for an ornament as a composite plating mixing 
agent at first, Or as a seed base for diamond coat formation by a CVD method, offer of a high grade diamond 
particle required at the time of manufacture of an additive-free sintered compact is enabled, and the 
industrial value can be said to be a very large thing. 

[0020]Next, although some examples explain this invention, it is not for indicating these in order to show the 

mode of operation of this invention in detail, and limiting the range of this invention. 

[0021] 

[Work example 1]Black impure diamond powder which was compounded by the shock compressing method 
and containing a lot of impurities : 5 g with K 2 S0 4 :25g and concentrated-sulfuric-acid:6ml. It put into the 
Erlenmeyer flask made from Pyrex glass with a capacity of 250 ml, and was made to react to churning and 
the impurity which are mixed, heats gradually to near 350 **, prepares the solvent of a K 2 0-S0 3 -H 2 0 
system, and is intermingled in diamond powder. Among impurities, graphite and amorphous carbon oxidized 
by SO s in melt, and they were disassembled, generating fine air bubbles. A little S0 3 excellent from fused 
salt during heating reacted to the steam in the low temperature region of the flask upper part of the inner 
surface, became concentrated sulfuric acid, was transmitted to the glass wall side, and flowed back in melt. 
[0022]It was observed that an impurity decomposes quickly in a 500-580 ** temperature requirement, and 
the black of the raw material disappeared thoroughly about 20 minutes after a treating operation start. 
[0023]The coagulation fused salt collected after cooling assumed light green peculiar to Ni ions. About 200 
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ml of warm water was added to this, it melted, and the centrifuge separated the white sediment. The 
sediment checked that it was a minute diamond particle as a result of the hardness test by the scaffing 
method which used the sapphire substrate, the extraction test to HF-H 2 S0 4 mixed acid, and the powder X 
diffraction. 

[0024] Residual liquor was evaporated to dryness as it was, added a little H 2 S0 4 , and reused it to next 
purification treatment, the K 2 0 3 -H 2 0 system used in this example — the melting point of the solvent was 
340 **, it was 370 ** at the beginning at the time of an end, and the yield of refining diamonds was 44%. 
[0025] 

[Work example 2]The diamond crystal which presented 6GP and 1400 ** ultra-high pressure high 
temperature service with graphite, and was prepared under existence of a Ni catalyst using a solid hydraulic 
medium, It put into the 250-ml Erlenmeyer flask made from Pyrex glass with fragments, such as intermingled 
reaction chamber material, and it heated, making it shake in the solvent containing NaHSO 4 :50g and 
Na 2 SO 4 :10g. As a result of heating gradually over about 1 hour from near 350 ** to 620 **, oxidative 
degradation of the residual graphite was carried out thoroughly, and the Ni catalyst became sulfate and 
dissolved into fused salt. After cooling fused salt radiationally automatically, it was melted in warm water, 
was filtered and collected diamonds. 
[0026] 

[Work example 3]Na 2 S0 4 :2g, K 2 S0 4 :3g, and 1 ml of concentrated sulfuric acid were added to the 0.5-k 

diamond by which the brilliant cut was carried out, and it put into the magnetic crucible of 20-ml capacity. 

After carrying out temperature up of the whole gradually over about 1 5 minutes to 350 **, it held for 3 

minutes to a 400-450 ** temperature requirement. Next, after applying for about 10 minutes and cooling a 

solvent to a room temperature, it melted in warm water and diamonds were collected. 

[0027]It was admitted clearly with the naked eye that gloss and transparency of the diamond particle 

processed were improving compared with processing before. According to observation by optical 

microscope, various kinds of impurities (abrasive soap, metal, fats and oils, etc.) placed between the detailed 

abrasion on a cut face, the crack, and the girdle part by which rough grinding was carried out were removed 

thoroughly, and were further removed to some intension things near the surface. 

[0028]The main part of a diamond was not invaded by fused salt in the above-mentioned processing. 

However, although it acted as Kougami of the transparency further when same processing was performed in 

a 750-800 ** temperature requirement, the cut face was corroded slightly and about 0.02% of weight loss 

was seen. 

[0029] 

[Comparative example 1] When you tried to make it disassemble an impurity, having added and kneaded 
water into a stiff dough, having put KCIO 3 :0.01g which is the processed material 0.01 g and oxidant of the 
above-mentioned Example 1 into the evaporating dish made from **, and raising temperature gradually, it 
exploded near 200 **. 
[0030] 

[Comparative example 2] About 0.5 g of processed materials of Example 1 were put into the Erlenmeyer 
flask, 20 ml of mixed solutions of 3:1 :5 (volume ratio) of HCI, 61%HN0 3 , and 95%H 2 S0 4 were added to this 35%, 
and it heated to near 300 ** within the draft chamber. It was drained in about 1 hour after the solution 
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generated N0 2 gas and S0 3 gas briskly. It was admitted clearly that the collected processed material was 

still black and its oxidative degradation of graphite was insufficient. 

[0031] 

[Comparative example 3] In Example 2, the 2 S0 4 (NH 4 )-H 2 S0 4 system solvent was used instead of the fused 
salt of a K 2 0-S0 3 -H 2 0 system, and same processing was performed. (NH 4 ) Since it decomposed while 2 S0 4 
foamed briskly from near 400 **, and contents overflowed out of the flask as a result, the target result was 
not acquired. 
[0032] 

[Comparative example 4] In Example 3, impure diamond powder was processed for 20 minutes near 300 **, 
using 95%H 2 S0 4 instead of the fused salt of a K 2 0-S0 3 -H 2 0 system, and generating white smoke. Although 
the transparency of the diamond improved a little, existence of the residue of light brown was observed by 
the optical microscope in the inner part of the dent with a minute girdle portion by which split-face polish 
was carried out. 



[Translation done.] 
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